
(19) *EP004577021A1*
(11) EP 4 577 021 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
25.06.2025 Bulletin 2025/26

(21) Application number: 24199304.7

(22) Date of filing: 09.09.2024

(51) International Patent Classification (IPC):
H10K 59/131 (2023.01) H10K 59/80 (2023.01)

(52) Cooperative Patent Classification (CPC):
H10K 59/131; H10K 59/80522; H10K 50/824;
H10K 50/844; H10K 59/122; H10K 59/1315

(84) Designated Contracting States:
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB
GR HR HU IE IS IT LI LT LU LV MC ME MK MT NL
NO PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA
Designated Validation States:
GE KH MA MD TN

(30) Priority: 19.12.2023 KR 20230185804

(71) Applicant: Samsung Display Co., Ltd.
Gyeonggi-do 17113 (KR)

(72) Inventors:
• PARK, Hee Min

17113 Yongin-si (KR)
• KIM, A Rong

17113 Yongin-si (KR)
• MOON, Young Min

17113 Yongin-si (KR)

(74) Representative: Marks & Clerk LLP
15 Fetter Lane
London EC4A 1BW (GB)

(54) DISPLAY DEVICE AND METHOD OF MANUFACTURING DISPLAY DEVICE

(57) The disclosure relates to a display device and a
method of manufacturing the display device. The display
device may include a sub-pixel area, a light emitting
element layer may include a line electrically connected
to a pixel circuit. At least a portion of a capping layer is in
contact with a pixel defining layer. The line is disposed on

the pixel defining layer and includes a first line and a
second line spacedapart fromeachother, each forminga
closed loop. The first line surrounds the sub-pixel area in
a plan view, the second line surrounds the first line in a
plan view. A light emitting part is disposed in an area
surrounded by the first line.
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Description

BACKGROUND

1. Technical Field

[0001] The disclosure relates to a display device and a
method of manufacturing the display device.

2. Description of the Related Art

[0002] As information technology develops, impor-
tance of a display device as a connection medium be-
tween a user and information is increased. The display
device may include a light emitting element, and sub-
pixels adjacent to each other may be formed using the
light emitting element.
[0003] As demand for high-quality display devices in-
creases, a structure of the sub-pixels is becoming more
refined, and a structure in which a leakage current be-
tween the sub-pixels does not occur is required.
[0004] In order to reconsider reliability of an electrical
signal supplied to the sub-pixel, a voltage drop risk due to
a resistance increase of a conductive structure to which
the electrical signal is supplied is required to be reduced.

SUMMARY

[0005] An aspect of the disclosure is to provide a dis-
play device and a method of manufacturing the display
device in which a voltage drop risk to a cathode electrode
is reduced.
[0006] An aspect of the disclosure is to provide a dis-
play device and a method of manufacturing the display
device in which a risk of a leakage current is reduced.
[0007] An aspect of the disclosure is to provide a dis-
play device and a method of manufacturing the display
device having excellent display quality capable of provid-
ing high-resolution of image.
[0008] An aspect of the disclosure is to provide a dis-
play device and a method of manufacturing the display
device of which convenience of amanufacturing process
is improved.
[0009] According to an embodiment, a display device
may include a sub-pixel area. The display device may
include a pixel circuit layer including a base layer and a
pixel circuit disposed on the base layer, and a light emit-
ting element layer disposed on the pixel circuit layer and
including a light emitting element, a pixel defining layer, a
capping layer, and a line electrically connected to the
pixel circuit. The light emitting element may include an
anodeelectrode, a cathodeelectrode, anda light emitting
part of which at least a portion is disposed between the
anode electrode and the cathode electrode. The pixel
defining layer may cover at least a portion of the anode
electrode.At least aportionof the capping layermaybe in
contact with the pixel defining layer. The line may be
disposed on the pixel defining layer and may include a

first line and a second line spaced apart from each other,
each of the first line and the second linemay be disposed
in a closed loop. Thus, the entity referred to as the line
maybe twoseparate lines. Thefirst linemaysurround the
sub-pixel area in a plan view, the second line may sur-
round the first line in a plan view. The light emitting part
may be disposed in an area surrounded by the first line.
[0010] According to an embodiment, the line may in-
clude a conductive material having an electrical conduc-
tivity less than about .4.0×107 (S/m) at about 20°C.
[0011] According to an embodiment, the line may in-
clude aluminum (Al) or molybdenum (Mo).
[0012] According to an embodiment, the first line and
the second linemay include a samematerial, and each of
the first line and the second line may be disposed on a
surface of the pixel defining layer.
[0013] According to an embodiment, the first line may
be disposed around the sub-pixel area. The second line
may be disposed around the first line. The sub-pixel area
may include a first sub-pixel area, a second sub-pixel
area, and a third sub-pixel area. The first linemay include
a first line portion surrounding the first sub-pixel area, a
second line portion surrounding the second sub-pixel
area, and a third line portion surrounding the third sub-
pixel area.
[0014] According to an embodiment, the cathode elec-
trode may include a first cathode electrode overlapping
the first sub-pixel area, a second cathode electrode over-
lapping the second sub-pixel area, and a third cathode
electrode overlapping the third sub-pixel area. The first
cathode electrode, the second cathode electrode, and
the third cathode electrode may be physically separated
from each other.
[0015] According to an embodiment, the pixel circuit
layer may include a first power line and a second power
line having different potentials. The first power line may
be electrically connected to the pixel circuit. The second
power line may be electrically connected to the cathode
electrode through the first line.
[0016] According toanembodiment, thedisplaydevice
may further include adisplay areaandanon-display area
surrounding at least a portion of the display area. The first
line may be electrically connected to the second power
line through a contact portion at least partially passing
through the pixel defining layer. The second power line
may have a thickness greater than that of the cathode
electrode. The contact portion may be disposed in the
display area.
[0017] According to an embodiment, the capping layer
may include a first capping layer and a second capping
layer disposedon the first capping layer. Thefirst capping
layer may cover the first line and may not cover the
second line. The second capping layer may cover the
second line.
[0018] According to an embodiment, each of the sec-
ond capping layer and the pixel defining layer may in-
clude an inorganicmaterial and the second capping layer
and the pixel defining layer may contact each other in an

5

10

15

20

25

30

35

40

45

50

55



3

3 EP 4 577 021 A1 4

area adjacent to the second line.
[0019] According to an embodiment of the disclosure,
a display device may include a display area and a non-
display area surrounding at least a portion of the display
area, a pixel circuit layer including a base layer, a pixel
circuit and a power line disposed on the base layer, and a
via layer covering the power line, and a light emitting
element layer disposed on the pixel circuit layer and
including a light emitting element, a pixel defining layer,
and a line electrically connected to the pixel circuit. The
light emitting element may include an anode electrode, a
cathode electrode, and a light emitting part, at least a
portionof the light emittingpartmaybedisposedbetween
the anode electrode and the cathode electrode. The pixel
defining layer may overlap the anode electrode in a plan
view. The line may be directly disposed on the pixel
defining layer and may include a first line and a second
line spacedapart fromeach other. The power linemaybe
disposed across the display area and the non-display
area. The cathode electrode and the power line may be
electrically connected in the display area through a con-
tact member passing through the via layer. The power
linemayhavea thicknessgreater than that of thecathode
electrode.
[0020] According to an embodiment of the disclosure,
a method of manufacturing a display device may include
manufacturing a pixel circuit layer, and manufacturing a
light emitting element layer disposed on the pixel circuit
layer, the light emitting element layer may include a light
emitting element. Themanufacturing of the light emitting
element layermay include forming an anode electrode, a
pixel defining layer, and lineson thepixel circuit layer, and
forming a sub-pixel by patterning a plurality of layers near
the lines. The linesmay be disposed on the pixel defining
layerandmay includeafirst lineandasecond linespaced
apart from each other, and the first line may be disposed
closer to the anode electrode than the second line. The
patterning of the plurality of layers near the lines may
include forming a base light emitting part, removing at
least a portion of the base light emitting part adjacent to
the first line by supplying a first voltage to the first line,
forming a base cathode electrode and a first base cap-
ping layer, and removing at least a portion of the base
cathode electrode, at least a portion of the first base
capping layer, and at least a portion of the base light
emitting part adjacent to the second line by supplying a
second voltage to the second line.
[0021] According to an embodiment, the pixel circuit
layer may include a pixel circuit, a first power line elec-
trically connected to the pixel circuit, and a second power
line having a potential different from that of the first power
line. The forming of the lines may include electrically
connecting the first line to the second power line.
[0022] According to an embodiment, the forming of the
base light emitting part may include entirely depositing
the base light emitting part on the pixel circuit layer.
[0023] According to an embodiment, the removing of
the at least a portion of the base light emitting part

adjacent to the first line may include providing a first light
emitting part disposed in an area surrounded by the first
line.
[0024] According to an embodiment, the forming of the
base cathodeelectrodemay include electrically connect-
ing the base cathode electrode to the first line, and
causing the base cathode electrode to contact the pixel
defining layer in an area adjacent to the first line.
[0025] According to an embodiment, the removing of
the at least a portion of the base light emitting part
adjacent to the first line may include forming a first open-
ing exposing at least a portion of the pixel defining layer.
The removing of the at least a portion of the base cathode
electrode, the at least a portion of the first base capping
layer, and the at least a portion of the base light emitting
part adjacent to the second line may include forming a
second opening exposing at least a portion of the pixel
defining layer.
[0026] According to an embodiment, the method may
further include forming second base capping layer, and
removing at least a portion of the first base capping layer,
at least a portion of the base cathode electrode, and at
least a portion of the base light emitting part disposed
outside the second line.
[0027] According to an embodiment, the second base
capping layer may contact the pixel defining layer in an
areaadjacent to thesecond line.Eachof thesecondbase
capping layer and the pixel defining layer may include an
inorganic material.
[0028] According to an embodiment, the method may
further include entirely depositing an encapsulation layer
on the pixel circuit layer.
[0029] According to an embodiment of the disclosure,
a display device and a method of manufacturing the
display device in which a voltage drop risk to a cathode
electrode is reduced may be provided.
[0030] According to an embodiment of the disclosure,
a display device and a method of manufacturing the
display device in which a risk of a leakage current is
reduced may be provided.
[0031] According to an embodiment of the disclosure,
a display device and a method of manufacturing the
display device having excellent display quality capable
of providing high-resolution of image may be provided.
[0032] According to an embodiment of the disclosure,
a display device and a method of manufacturing the
display device of which convenience of a manufacturing
process is improved may be provided.
[0033] At least some of the above and other features of
the invention are set out in the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] The above and other features of the disclosure
will becomemore apparent by describing in further detail
embodiments thereof with reference to the accompany-
ing drawings, in which:
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FIG. 1 is a schematic plan view illustrating a display
device according to an embodiment;
FIG. 2 is a schematic plan view illustrating a display
area according to an embodiment;
FIGS. 3 and 4 are schematic cross-sectional views
illustrating a display device according to an embodi-
ment;
FIG. 5 is a schematic block diagram illustrating a
connection structure for a sub-pixel including a light
emitting element according to an embodiment;
FIG. 6 is a schematic cross-sectional view illustrating
a light emitting element and a capping layer accord-
ing to an embodiment;
FIG. 7 is a schematic block diagram illustrating an
electrical path through which a cathode signal is
supplied according to an embodiment;
FIG. 8 is a schematic cross-sectional view illustrating
a thickness relationship between a second power
line and a cathode electrode according to the embo-
diment;
FIG. 9 is a flowchart illustrating a method of manu-
facturing a display device according to an embodi-
ment;
FIG. 10 is a flowchart illustrating a step of manufac-
turing a light emitting element layer according to an
embodiment;
FIG.11 isa flowchart illustratingastepofpatterninga
sub-pixel; and
FIGS. 12 to 25 are schematic cross-sectional views
illustrating each process step of a method of manu-
facturing a display device according to an embodi-
ment.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0035] In the following description, for the purposes of
explanation, numerous specific details are set forth in
order to provide a thorough understanding of various
embodiments or implementations of the disclosure. As
used herein "embodiments" and "implementations" are
interchangeable words that are non-limiting examples of
devices or methods disclosed herein. It is apparent,
however, that various embodiments may be practiced
without these specific details or with one or more equiva-
lent arrangements. Here, various embodiments do not
have to be exclusive nor limit the disclosure. For exam-
ple, specific shapes, configurations, and characteristics
of an embodiment may be used or implemented in an-
other embodiment.
[0036] Unless otherwise specified, the illustrated em-
bodiments are to be understood as providing features of
thedisclosure.Therefore, unlessotherwisespecified, the
features, components, modules, layers, films, panels,
regions, and/or aspects, etc. (hereinafter individually or
collectively referred to as "elements"), of the various
embodiments may be otherwise combined, separated,
interchanged, and/or rearranged without departing from
the inventive concepts.

[0037] The use of cross-hatching and/or shading in the
accompanying drawings is generally provided to clarify
boundaries betweenadjacent elements. As such, neither
the presence nor the absence of cross-hatching or shad-
ing conveys or indicates any preference or requirement
for particular materials, material properties, dimensions,
proportions, commonalities between illustrated ele-
ments, and/or any other characteristic, attribute, prop-
erty, etc., of theelements, unless specified.Further, in the
accompanying drawings, the size and relative sizes of
elements may be exaggerated for clarity and/or descrip-
tive purposes. When an embodiment may be implemen-
teddifferently, a specificprocessordermaybeperformed
differently from the described order. For example, two
consecutively described processes may be performed
substantially at the same time or performed in an order
opposite to the described order. Also, like reference
numerals and/or reference characters denote like ele-
ments.
[0038] Whenanelementor layer, is referred toasbeing
"on," "connected to," or "coupled to" another element or
layer, itmaybedirectly on, connected to, or coupled to the
other element or layer or intervening elements or layers
may be present. When, however, an element or layer is
referred to as being "directly on," "directly connected to,"
or "directly coupled to" another elementor layer, thereare
no intervening elements or layers present. To this end,
the term "connected" may refer to physical, electrical,
and/or fluid connection, with or without intervening ele-
ments. Further, the first direction DR1, the second direc-
tion DR2, and the third direction DR3 are not limited to
three axes of a rectangular coordinate system, and may
be interpreted in a broader sense. For example, the first
direction DR1, the second direction DR2, and the third
direction DR3 may be perpendicular to one another, or
may represent different directions that are not perpendi-
cular to one another.
[0039] For thepurposes of this disclosure, "at least one
of A and B" may be construed as A only, B only, or any
combination of A and B. Also, "at least one of X, Y, and Z"
and "at least one selected from the group consisting of X,
Y,andZ"maybeconstruedasXonly,Yonly,Zonly, or any
combination of twoormoreofX, Y, andZ.Asusedherein,
the term "and/or" includes any and all combinations of
one or more of the associated listed items.
[0040] Although the terms "first," "second," etc.may be
used herein to describe various types of elements, these
elements should not be limited by these terms. These
terms are used to distinguish one element from another
element. Thus, a first element discussed below could be
termed a second element without departing from the
teachings of the disclosure.
[0041] Spatially relative terms, such as "beneath," "be-
low," "under," "lower," "above," "upper," "over," "higher,"
"side" (e.g., as in "sidewall"), and the like, may be used
herein for descriptive purposes, and, thereby, to describe
one elements relationship to another element(s) as illu-
strated in the drawings. Spatially relative terms are in-
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tended to encompass different orientations of an appa-
ratus in use, operation, and/or manufacture in addition to
the orientation depicted in the drawings. For example, if
the apparatus in the drawings is turned over, elements
described as "below" or "beneath" other elements or
features would then be oriented "above" the other ele-
ments or features. Thus, the term "below" can encom-
pass both an orientation of above and below. Further-
more, the apparatus may be otherwise oriented (e.g.,
rotated90degreesor at other orientations), and, as such,
the spatially relative descriptors used herein interpreted
accordingly.
[0042] The terminology used herein is for the purpose
of describing particular embodiments and is not intended
to be limiting. As used herein, the singular forms, "a,"
"an," and "the" are intended to include the plural forms as
well, unless the context clearly indicates otherwise.
Moreover, the terms "comprises," "comprising," "in-
cludes," and/or "including," when used in this specifica-
tion, specify the presence of stated features, integers,
steps, operations, elements, components, and/or groups
thereof, but do not preclude the presence or addition of
one or more other features, integers, steps, operations,
elements, components, and/or groups thereof. It is also
noted that, as used herein, the terms "substantially,"
"about," and other similar terms, are used as terms of
approximation and not as terms of degree, and, as such,
are utilized to account for inherent deviations in mea-
sured, calculated, and/or provided values that would be
recognized by one of ordinary skill in the art.
[0043] Variousembodimentsaredescribedhereinwith
reference to sectional and/or exploded illustrations that
are schematic illustrations of embodiments and/or inter-
mediate structures. As such, variations from the shapes
of the illustrations as a result, for example, of manufac-
turing techniques and/or tolerances, are to be expected.
Thus, embodiments disclosed herein should not neces-
sarily be construed as limited to the particular illustrated
shapesof regions, but are to include deviations in shapes
that result from, for instance, manufacturing. In this man-
ner, regions illustrated in the drawingsmay be schematic
in nature and the shapes of these regionsmay not reflect
actual shapes of regions of a device and, as such, are not
necessarily intended to be limiting.
[0044] As customary in the field, some embodiments
are described and illustrated in the accompanying draw-
ings in terms of functional blocks, units, and/or modules.
Those skilled in the art will appreciate that these blocks,
units, and/or modules are physically implemented by
electronic (or optical) circuits, such as logic circuits, dis-
crete components, microprocessors, hard-wired circuits,
memory elements, wiring connections, and the like,
which may be formed using semiconductor-based fabri-
cation techniques or other manufacturing technologies.
In the case of the blocks, units, and/or modules being
implemented by microprocessors or other similar hard-
ware, they may be programmed and controlled using
software (e.g., microcode) to perform various functions

discussed herein and may optionally be driven by firm-
ware and/or software. It is also contemplated that each
block, unit, and/or module may be implemented by dedi-
cated hardware, or as a combination of dedicated hard-
ware to perform some functions and a processor (e.g.,
one or more programmed microprocessors and asso-
ciated circuitry) to perform other functions. Also, each
block, unit, and/or module of some embodimentsmay be
physically separated into two or more interacting and
discrete blocks, units, and/or modules without departing
from the scope of the inventive concepts. Further, the
blocks, units, and/ormodules of someembodimentsmay
be physically combined into more complex blocks, units,
and/or modules without departing from the scope of the
inventive concepts.
[0045] Unless otherwise defined or implied herein, all
terms (including technical and scientific terms) used
herein have the samemeaning as commonly understood
by thoseskilled in theart towhich this disclosurepertains.
It will be further understood that terms, such as those
defined in commonly used dictionaries, should be inter-
preted as having a meaning that is consistent with their
meaning in the context of the relevant art and the dis-
closure, and should not be interpreted in an ideal or
excessively formal sense unless clearly so defined here-
in.
[0046] The disclosure relates to a display device and a
method ofmanufacturing the display device. Hereinafter,
a display device and a method of manufacturing the
display device according to an embodiment is described
with reference to the accompanying drawings.
[0047] FIG. 1 is a schematic plan view illustrating a
display device according to an embodiment.
[0048] Referring to FIG. 1, the display device DD may
include abase layerBSLandapixel PXLdisposedon the
base layer BSL. Although not shown in the drawing, the
display device DD may further include a driving circuit
portion (for example, a scan driver and a data driver) for
driving the pixel PXL, lines (or heating lines of heating
wires or resistive Joule heating lines), and pads.
[0049] The display device DD (or the base layer BSL)
may include a display area DA and a non-display area
NDA.Thenon-displayareaNDAmaymeananareaother
than thedisplay areaDA.Thenon-display areaNDAmay
surround at least a portion of the display area DA.
[0050] The base layer BSLmay form a base surface of
the display deviceDD. The base layer BSLmay be a rigid
or flexible substrate or film. For example, the base layer
BSL may include a glass material. The base layer BSL
may include a silicon material. The base layer BSL may
include polyimide. However, the disclosure is not limited
thereto.
[0051] The display area DA may mean an area where
the pixel PXL is disposed. The non-display area NDA
may mean an area where the pixel PXL may not be
disposed. The driving circuit portion, the line, and the
pads electrically connected to thepixel PXLof the display
area DA may be disposed in the non-display area NDA.
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[0052] According to an embodiment, the pixel PXL (or
sub-pixels SPX)may bearranged according to a stripe or
PENTILE™ arrangement structure, but are not limited
thereto, and various embodiments may be applied to the
disclosure.
[0053] According to an embodiment, the pixel PXL (or
the sub-pixels SPX)may include a first sub-pixel SPX1, a
second sub-pixel SPX2, and a third sub-pixel SPX3.
Each of the first sub-pixel SPX1, the second sub-pixel
SPX2, and the third sub-pixel SPX3 may be a sub-pixel.
At least one of the first sub-pixel SPX1, the second sub-
pixelSPX2,and the third sub-pixelSPX3may formapixel
portion capable of emitting light of various colors.
[0054] Each of the first sub-pixel SPX1, the second
sub-pixel SPX2, and the third sub-pixel SPX3 may emit
light of a color.
[0055] For example, the first sub-pixel SPX1 may be a
red sub-pixel emitting light of red (for example, first color),
the second sub-pixel SPX2 may be a green sub-pixel
emitting light of green (for example, second color), and
the third sub-pixel SPX3may be a blue sub-pixel emitting
light of blue (for example, third color). The red sub-pixel
may provide light of a wavelength range of 600 nm to 750
nm. The green sub-pixel may provide light of a wave-
length rangeof480nmto560nm.Thebluesub-pixelmay
provide light of a wavelength range of 370 nm to 460 nm.
[0056] According to an embodiment, the number of
secondsub-pixelsSPX2maybegreater than thenumber
of first sub-pixels SPX1 and the number of third sub-
pixels SPX3. However, the color, type, number, and/or
the like of the first sub-pixel SPX1, the second sub-pixel
SPX2, and the third sub-pixel SPX3 forming each pixel
portion are/is not limited to a specific example.
[0057] FIG. 2 is a schematic plan view illustrating a
display area according to an embodiment. For conveni-
ence of description, FIG. 2 shows a structure in which the
first to third sub-pixelsSPX1 toSPX3maybesequentially
disposed in a first directionDR1.However, the disclosure
is not limited thereto.
[0058] Referring to FIG. 2, the display device DD may
further include a line L disposed adjacent to the sub-
pixels SPX.
[0059] According to an embodiment, the sub-pixels
SPX may form a sub-pixel area SPXA. The sub-pixel
area SPXAmay be an area where light of a color may be
visible. For example, the sub-pixel area SPXA may in-
clude a first sub-pixel area SPXA1 where the first sub-
pixel SPX1maybe formed and light of a first colormaybe
provided, a second sub-pixel area SPXA2 where the
second sub-pixel SPX2 may be formed and light of a
second color may be provided, and a third sub-pixel area
SPXA3 where the third sub-pixel SPX3 may be formed
and light of a third color may be provided.
[0060] The line L may include lines L corresponding to
each of the sub-pixels SPX. For example, the line L may
include a first line portion surrounding the first sub-pixel
area SPXA1, a second line portion surrounding the sec-
ond sub-pixel area SPXA2, and a third line portion sur-

rounding the third sub-pixel area SPXA3. A shape of the
lines Lmay be determined by a shape of each of the sub-
pixel areas SPXA. For example, the shape of the lines L
may correspond to an edge shape of the sub-pixel areas
SPXA.
[0061] The line L may include a first line L1 and a
second line L2. The first line L1 and the second line L2
may be spaced apart from each other and may not over-
lap each other in a plan view. The first line L1 and the
second line L2may bephysically spacedapart fromeach
other. The first line L1 and the second line L2 may be
electrically separated from each other. Thus, the line L
may be two separate lines L1, L2, described for concise-
ness as a line L.
[0062] The first line L1 may be disposed around the
sub-pixel area SPXA. The first line L1 may be disposed
between thesub-pixel areaSPXAand thesecond lineL2.
Thefirst lineL1may formaclosed loopandmaysurround
the sub-pixel area SPXA in a plan view.
[0063] Thesecond line L2maybedisposedaround the
first line L1. The second line L2may be disposed outside
theclosed loop formedby thefirst lineL1.Thesecond line
L2may form a closed loop andmay surround the first line
L1 in a plan view.
[0064] According to an embodiment, the first line L1
and the second line L2maybe formed in a sameprocess.
Accordingly, the first line L1 and the second line L2 may
include a samematerial andmay be disposed on a same
layer. The first line L1 and the second line L2 may be
disposed on a same layer (for example, a pixel defining
layer PDL (refer to FIG. 3)). Each of the first line L1 and
the second line L2 may be disposed on a surface of the
pixel defining layer PDL.
[0065] Hereinafter, a display device DD including the
line (or lines) L is describedwith reference toFIGS. 3 to 8.
[0066] FIGS. 3 and 4 are schematic cross-sectional
views illustrating a display device according to an embo-
diment. FIGS. 3 and 4 schematically show the display
areaDA including the first to third sub-pixel areasSPXA1
to SPXA3. FIGS. 3 and 4 are schematic cross-sectional
views takenalong lineA-A’ of FIG.2.FIG.5 isaschematic
block diagram illustrating a connection structure for a
sub-pixel including a light emitting element according
to an embodiment. For example, FIG. 5 may illustrate
an electrical connection structure including a pixel circuit
PXCcorresponding to each of the sub-pixels SPX. FIG. 6
is a schematic cross-sectional view illustrating a light
emitting element and a capping layer according to an
embodiment. FIG. 7 is a schematic block diagram illus-
trating an electrical path through which a cathode signal
is supplied according to an embodiment. For example,
FIG. 7 may schematically illustrate a position of config-
urations and an electrical connection relationship be-
tween the configurations based on the display area DA
and the non-display area NDA. FIG. 8 is a schematic
cross-sectional view illustrating a thickness relationship
between a second power line and a cathode electrode
according to an embodiment.
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[0067] Referring to FIGS. 3 and 4, the display device
DD may include a pixel circuit layer PCL and a light
emitting element layer LEL.
[0068] The pixel circuit layer PCL may include a base
layer BSL, a pixel circuit PXC, a first power line PL1, a
second power line PL2, and a via layer VIA.
[0069] The base layer BSL may form a base on which
the pixel circuit PXC, the first power line PL1, and the
second power line PL2 configured to drive a light emitting
element LD may be disposed. The pixel circuit PXCmay
be disposed on the base layer BSL and may be config-
ured to drive the light emitting element LD. The pixel
circuit layer PCL may include conductive layers and
insulating layers, and the conductive layers may form
the pixel circuit PXC, the first power line PL1, and the
second power line PL2. The pixel circuit PXC may be
included in a corresponding sub-pixel SPX.
[0070] The pixel circuit PXC may include one or more
circuit elements. For example, the pixel circuit PXC may
include three transistors and a storage capacitor. For
example, the pixel circuit PXC may include a driving
transistor, a switching transistor, and a storage capacitor.
However, the disclosure is not necessarily limited there-
to.
[0071] The pixel circuit PXC may include a first pixel
circuit PXC1 configured to drive the first sub-pixel SPX1
and electrically connected to the light emitting element
LD of the first sub-pixel SPX1, a second pixel circuit
PXC2 configured to drive the second sub-pixel SPX2
and electrically connected to the light emitting element
LD of the second sub-pixel SPX2, and a third pixel circuit
PXC3 configured to drive the third sub-pixel SPX3 and
electrically connected to the light emitting element LD of
the third sub-pixel SPX3.
[0072] Referring to FIG. 5, the pixel circuit PXCmay be
electrically connected toascan lineSLandadata lineDL.
The scan line SL may supply a scan signal to the pixel
circuit PXC, and according to an embodiment, the scan
line SLmay be electrically connected to a gate electrode
of the switching transistor of the pixel circuit PXC. The
light emitting element LD may be configured to emit light
corresponding to adata signal provided from thedata line
DL.
[0073] The pixel circuit PXC may be electrically con-
nected to the first power line PL1 and the second power
line PL2. For example, an anode electrode AE of the light
emitting element LDmay be electrically connected to the
pixel circuit PXC and the first power line PL1, and a
cathode electrode CE of the light emitting element LD
may be electrically connected to the second power line
PL2. The first power line PL1 and the second power line
PL2 may be disposed on the base layer BSL.
[0074] Power of the first power line PL1 and power of
the second power line PL2may have different potentials.
For example, the power of the first power linePL1maybe
high-potential pixel power receiving a first voltage poten-
tialVDD,and thepowerof thesecondpower linePL2may
be low-potential pixel power receiving a second voltage

potential VSS. A potential difference between the power
of the first power line PL1 and the power of the second
power linePL2may be set to be equal to or greater than a
threshold voltage of the light emitting elements LD.
[0075] The first power line PL1 may be electrically
connected to the pixel circuit PXC (for example, the
driving transistor). The second power line PL2 may be
electrically connected to the cathode electrode CE of the
light emitting element LD.
[0076] Each light emitting element LD may be electri-
cally connected in a forward direction between the first
power line PL1 and the second power line PL2 to form
each effective light source. These effective light sources
may be gathered together to configure the light emitting
elements LD of the sub-pixel SPX.
[0077] The light emitting elements LD may emit light
with a luminance corresponding to a driving current sup-
plied through the pixel circuit PXC. During each frame
period, the pixel circuit PXC may supply the driving
current corresponding to the data signal to the light
emitting element LD. The light emitting element LD
may emit light with a luminance corresponding to the
current flowing therein.
[0078] The first power line PL1 and the second power
line PL2 may be patterned on the base layer BSL. Ac-
cording to an embodiment, the first power line PL1 may
be patterned in the sub-pixel areas SPXA and areas
adjacent thereto. The second power line PL2 may be
patterned in the sub-pixel areas SPXA and areas adja-
cent thereto. For convenience of description, the first and
second power lines PL1 and PL2 corresponding to each
of the first to third sub-pixels SPX1 to SPX3 may be
shown separately, but according to an embodiment,
the first power lines PL1 corresponding to each of the
first to third sub-pixels SPX1 to SPX3may be electrically
connected to each other and may be formed integrally.
Thesecondpower linesPL2corresponding toeachof the
first to third sub-pixels SPX1 to SPX3may be electrically
connected to each other and may be formed integrally.
[0079] According to an embodiment, the first power
line PL1 and the second power line PL2 may include a
conductivematerial. For example, thefirst power linePL1
and the second power line PL2 may include one or more
of a group consisting of gold (Au), silver (Ag), aluminum
(Al), molybdenum (Mo), chromium (Cr), titanium (Ti),
nickel (Ni), neodymium (Nd), copper (Cu), and platinum
(Pt). However, the disclosure is not limited thereto.
[0080] The first power line PL1 may be electrically
connected to the pixel circuit PXC. The second power
line PL2may be electrically connected to the first line L1.
[0081] Thevia layerVIAmay formanupper structureof
the pixel circuit layer PCL. The via layer VIA may be a
planarization layer. The via layer VIAmay cover the pixel
circuit PXC, the first power line PL1, and the second
power line PL2.
[0082] At least a portion of a contact member CNP that
electrically connects the second power line PL2 and the
cathode electrodeCEmay be formed in the via layer VIA.
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At least a portion of a contact portionCNT that electrically
connects the pixel circuit PXC and the anode electrode
AE may be formed in the via layer VIA.
[0083] The via layer VIA may include an organic ma-
terial. For example, the organicmaterial may include one
ormoreof a group consisting of acrylic resin, epoxy resin,
phenol resin, polyamide resin, and polyimide resin. How-
ever, the disclosure is not limited thereto.
[0084] The light emitting element layer LEL may be
disposed on the pixel circuit layer PCL. According to an
embodiment, the light emitting element layer LEL may
include the light emitting element LD, the pixel defining
layer PDL, a capping layer CPL, the line L, and an
encapsulation layer TFE. According to an embodiment
(refer to FIG. 4), the light emitting element layer LELmay
further include a void VO.
[0085] The light emitting element LD may include an
organic light emitting diode (OLED) including an organic
material. However, the disclosure is not limited thereto.
According to an embodiment, the light emitting element
LDmaybeaquantumdot light emitting element including
an inorganic material.
[0086] Referring toFIG.6, the light emittingelementLD
may include the anode electrode AE, a light emitting part
EL, and the cathode electrode CE. The light emitting
element LD may include a first light emitting element
LD1 for forming the first sub-pixel SPX1, a second light
emitting element LD2 for forming the second sub-pixel
SPX2, and a third light emitting element LD3 for forming
the third sub-pixel SPX3.
[0087] According to an embodiment, the first to third
light emitting elements LD1 to LD3 may emit light of
different colors. For example, the first light emitting ele-
ment LD1 may emit light of a first color. The second light
emitting element LD2 may emit light of a second color.
The third light emitting element LD3 may emit light of a
third color.
[0088] The anode electrode AE may be disposed on
thepixel circuit layer PCL (for example, the via layer VIA).
The anode electrodeAEmay beelectrically connected to
thepixel circuitPXC through thecontactportionCNT.The
anode electrode AE may include a first anode electrode
AE1electrically connected to thefirst pixel circuitPXC1,a
second anode electrode AE2 electrically connected to
the second pixel circuit PXC2, and a third anode elec-
trode AE3 electrically connected to the third pixel circuit
PXC3.
[0089] The anode electrodes AE may include various
conductivematerials. For example, the anodeelectrodes
AE may include a transparent conductive material. For
example, the anode electrodes AE may include at least
one of transparent conductive materials such as indium
tin oxide (ITO), indium zinc oxide (IZO), zinc oxide
(ZnOx), indium gallium zinc oxide (IGZO), and indium
tin zinc oxide (ITZO). The anode electrodes AE may
include an opaque conductive material that may reflect
light. For example, anodeelectrodesAEmay includeone
or more of a group consisting of titanium nitride (TiN),

silver (Ag), and aluminum (Al).
[0090] The light emitting part EL may be disposed on
the anode electrode AE. The light emitting part EL may
include a first light emitting part EL1 disposed on the first
anode electrode AE1 and for forming the first sub-pixel
SPX1, a second light emitting part EL2 disposed on the
second anode electrode AE2 and for forming the second
sub-pixel SPX2, and a third light emitting part EL3 dis-
posed on the third anode electrode AE3 and for forming
the third sub-pixel SPX3.
[0091] The light emitting part EL may include a multi-
layer structure. The light emitting part EL may include a
light emitting layer EML configured to generate light, an
electron transport part ETU configured to transport an
electron, and a hole transport part HTU configured to
transport a hole. The light emitting part EL may include
various organic materials, and according to an embodi-
ment, the light emitting part EL may further include a
metal-containing compound, an inorganic material such
as a quantum dot, or the like.
[0092] The hole transport part HTU may include a
multilayer structure having multiple layers respectively
including different materials. As an example, the hole
transport part HTU may include at least one of a hole
injection layerandahole transport layer, andaccording to
an embodiment, the hole transport part HTUmay further
include a light emitting auxiliary layer, an electron block-
ing layer, and the like.
[0093] The hole injection layer may be a layer that
performs or improves a hole injection function from the
anode electrode AE to another adjacent organic layer.
The hole transport layer may be a layer that provides a
hole to the light emitting layer EML. The light emitting
auxiliary layer may be a layer that compensates for a
resonance distance based on a wavelength of light pro-
vided by the light emitting layer EML. The electron block-
ing layer may be a layer that prevents an electron from
being injected from the electron transport part ETU to
reduce the number of carriers (for example, holes or
electrons) leaving the light emitting layer EML. For ex-
ample, the hole transport part HTUmay have amultilayer
structure suchashole injection layer/hole transport layer,
hole injection layer/hole transport layer/light emitting
auxiliary layer, hole injection layer/light emitting auxiliary
layer, hole transport layer/light emitting auxiliary layer,
electron blocking layer/hole injection layer/hole transport
layer, hole transport layers disposed sequentially and
including different materials, or hole injection layer/hole
transport layer/electron blocking layer. However, the dis-
closure is not limited thereto.
[0094] According to an embodiment, the hole transport
part HTU may include various hole transport organic
materials. However, the disclosure is not particularly
limited.
[0095] The light emitting layer EML may be disposed
between the hole transport part HTU and the electron
transport part ETU. The light emitting layer EML may
include a material that may emit light of a color. The
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emitting layer EMLmay include a host and a dopant. The
host of the light emitting layer EMLmaybea light emitting
material that may capture carriers (electrons and holes)
for light generation, and may induce an exciton to be
efficiently generated. The dopant may include a phos-
phorescent dopant or a fluorescent dopant. According to
an embodiment, an example of the dopant may not be
particularly limited. According to an embodiment, the
dopant may include an organic material or may include
a metal complex.
[0096] The electron transport part ETU may include a
multilayer structure having multiple layers respectively
including different materials. The electron transport part
ETU may include at least one of an electron injection
layer and an electron transport layer, and according to an
embodiment, the electron transport part ETUmay further
include anelectron buffer layer, a hole blocking layer, and
the like.
[0097] The electron injection layer may be a layer that
performs or improves an electron injection function from
the cathode electrode CE to another adjacent organic
layer. The electron transport layer may be a layer that
provides a provided electron to the light emitting layer
EML. The hole blocking layer may be a layer that pre-
vents a hole from being injected from the hole transport
part HTU to reduce the number of carriers leaving the
light emitting layer EML.
[0098] For example, the electron transport part ETU
may have a multilayer structure such as electron trans-
port layer/electron injection layer, hole blocking layer/-
electron transport layer/electron injection layer, electron
control layer/electron transport layer/electron injection
layer, or buffer layer/electron transport layer/electron
injection layer. However, the disclosure is not limited
thereto.
[0099] According to an embodiment, the electron
transport part ETU may include various electron trans-
port compounds. For example, theelectron transport part
ETU may include a metal-free organic material, or may
include a metal-containing organic material or various
metal materials (for example, an alkaline earth metal, a
rare earthmetal, and/or the like).However, thedisclosure
is not limited thereto.
[0100] The cathode electrode CEmay be disposed on
the light emitting part EL, and at least a portion of the
cathode electrode CE may be disposed on the pixel
defining layer PDL. According to an embodiment, the
cathode electrode CE may be disposed in an area ad-
jacent to the first line L1. The cathode electrode CE may
cover the first line L1 and may not cover the second line
L2. In a plan view, the cathode electrode CEmay overlap
the first line L1 and may not overlap the second line L2.
According to an embodiment, the cathode electrode CE
may contact the first line L1. According to an embodi-
ment, the cathode electrode CE may not contact the
second line L2.
[0101] ThecathodeelectrodeCEmaycontact thepixel
defining layer PDL in an area adjacent to the first line L1.

According to an embodiment, joule heating may be
formed through the first line L1, and thus layers adjacent
to the first line L1 may be removed. Thereafter, the
cathode electrode CE may be formed, and thus the
exposed pixel defining layer PDL and the cathode elec-
trode CE may be directly adjacent to each other in the
area adjacent to the first line L1.
[0102] The cathode electrode CE may be electrically
connected to the first line L1. The first line L1 may be
electrically connected to the second power line PL2
through the contact member CNP, and the cathode elec-
trode CEmay receive a cathode voltage through the first
line L1. According to an embodiment, the contact mem-
ber CNP may pass through the pixel defining layer PDL
and the via layer VIA, and according to an embodiment,
the contact member CNP may pass through insulating
layer(s) on the second power line PL2.
[0103] According to an embodiment, the cathode elec-
trodes CE for each of the sub-pixels SPXmay be spaced
apart from each other. The cathode electrode CE may
include a first cathode electrode CE1 included in the first
sub-pixel SPX1andelectrically connected to the first light
emitting part EL1, a second cathode electrode CE2 in-
cluded in the second sub-pixel SPX2 and electrically
connected to the second light emitting part EL2, and a
third cathode electrode CE3 included in the third sub-
pixel SPX3 and electrically connected to the third light
emitting part EL3. According to an embodiment, the first
to third cathodeelectrodesCE1 toCE3maybephysically
separated from each other.
[0104] The cathode electrode CE may be a thin metal
layerhavinga thicknesssufficient to transmit light emitted
from the light emitting part EL. The cathode electrode CE
may be formed of a metal material or a transparent
conductive material to have a relatively thin thickness.
In embodiments, the cathode electrode CE may include
at least one of various transparent conductive materials
including indium tin oxide, indium zinc oxide, indium tin
zinc oxide, aluminum zinc oxide, gallium zinc oxide, zinc
tin oxide, or gallium tin oxide. In other embodiments, the
cathode electrode CE may include at least one of silver
(Ag), magnesium (Mg), and a mixture thereof. However,
a material of the cathode electrode CE is not limited
thereto.
[0105] In each of the sub-pixels SPX, holes injected
from the anode electrode AE and electrons injected from
the cathode electrode CE may be transported into the
light emitting part EL to form excitons, and light may be
generated as a consequence of the excitons being trans-
ited from an excited state to a ground state. The lumi-
nance of the light may be determined according to an
amount of current flowing through the light emitting part
EL. According to a configuration of the light emitting part
EL, a wavelength range of the generated light may be
determined.
[0106] Since the cathode electrode CE has a relatively
thin thickness, the cathode electrode CE may have a
relatively high resistance. Experimentally, in case that a
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voltage is applied through a conductive structure with a
high resistance, a voltage drop risk may occur, and thus
supply of an intended electrical signal to the light emitting
element LD may be difficult.
[0107] Referring toFIGS.7and8 together, anelectrical
path through which the cathode voltagemay be supplied
according to an embodiment may be defined so that the
voltage drop risk may be reduced.
[0108] According to an embodiment, the cathode vol-
tage may be supplied generally through the second
power line PL2, which has a generally thick thickness,
and may be electrically connected to the cathode elec-
trode CE through the contact member CNP in an area
adjacent to an object cathode electrode CE to which the
cathode voltage may be supplied.
[0109] The second power line PL2 may have a power
thickness T_PL. The cathode electrodes CEmay have a
cathode thickness T_CE. According to an embodiment,
the cathode thickness T_CE may be thinner than the
power thicknessT_PL.Forexample, thepower thickness
T_PL may range from 2000 Å to 9000 Å. The cathode
thickness T_CEmay range from 50Å to 200 Å. However,
the disclosure is not limited thereto. According to an
embodiment, since the cathode thickness T_CE may
be thinner than the power thickness T_PL, the cathode
electrode CE may have a resistance greater than that of
the second power line PL2.
[0110] The second power line PL2 may receive the
second voltage potential VSS in the non-display area
NDA. The second power line PL2 may be electrically
connected to the cathode electrode CE in the display
area DA. The first cathode electrode CE1 may be elec-
trically connected to a portion (for example, the first
portion) of the secondpower linePL2 through the contact
memberCNP, the second cathodeelectrodeCE2maybe
electrically connected to another portion (for example,
the second portion) of the secondpower linePL2 through
thecontactmemberCNP,and the third cathodeelectrode
CE3may be electrically connected to still another portion
(for example, the third portion) of the second power line
PL2 through the contact member CNP. The contact por-
tions CNP may be disposed in the display area DA. In a
plan view, the contact portions CNP may overlap the
cathodeelectrodeCEandmayoverlap thesecondpower
line PL2.
[0111] Accordingly, as described above, the path to
which the cathode voltage may be applied may be gen-
erally defined in the second power line PL2 having a
relatively small resistance, and the path to which the
cathode voltage may be applied may be defined as a
small portion in the cathode electrode CE having a rela-
tively large resistance. Ultimately, the voltage drop risk to
the cathode voltage may be substantially reduced.
[0112] The pixel defining layer PDL may cover at least
a portion of the anode electrode AE. The pixel defining
layer PDL may overlap at least a portion of the anode
electrode AE in a plan view. The pixel defining layer PDL
may form an opening, and the anode electrode AE may

be exposed in the opening.
[0113] Thepixel defining layerPDLmay formabaseon
which the line L may be disposed. For example, the pixel
defining layer PDL may be in contact with the line L.
[0114] The pixel defining layer PDL may include an
inorganic material. For example, the pixel defining layer
PDL may include silicon oxide (SiOx) and silicon nitride
(SiNx). However, the disclosure is not limited thereto.
[0115] The pixel defining layer PDL may include a
multi-layer structure. For example, the pixel defining
layer PDL may include a multilayer structure in which a
layer containing silicon oxide (SiOx) and a layer contain-
ing silicon nitride (SiNx) may be alternately disposed.
[0116] The capping layer CPLmay be disposed on the
light emitting element LD (for example, the cathode elec-
trodeCE). The capping layer CPLmay passivate the first
to third light emitting elements LD1 to LD3.
[0117] The capping layer CPL may include a first cap-
ping layer CPL1 and a second capping layer CPL2. The
first capping layer CPL1 and the second capping layer
CPL2 may include an inorganic material. For example,
thefirst capping layerCPL1and thesecondcapping layer
CPL2may independently include one or more of a group
consisting of silicon nitride (SiNx), aluminum nitride
(AlNx), titanium nitride (TiNx), silicon oxide (SiOx), alumi-
num oxide (AlxOy), titanium oxide (TiOx), silicon oxycar-
bide (SiOxCy), and silicon oxynitride (SiOxNy). However,
the disclosure is not limited thereto.
[0118] The first capping layer CPL1 may be disposed
on each of the first to third light emitting elements LD1 to
LD3. The first capping layer CPL1may passivate each of
the first to third light emitting elements LD1 to LD3 in a
process of sequentially manufacturing the first to third
light emitting elements LD1 to LD3, to reduce a risk of
occurrence of a defect. The first capping layer CPL1may
cover the first line L1 and may not cover the second line
L2. In a plan view, the first capping layer CPL1 may
overlap the first line L1 and may not overlap the second
line L2.
[0119] The second capping layer CPL2 may be dis-
posed on each of the first to third light emitting elements
LD1 to LD3 and may be further disposed outside each of
the first to third light emitting elements LD1 to LD3. The
second capping layer CPL2 may cover the first line L1
and cover the second line L2. According to an embodi-
ment, the second capping layer CPL2 may be directly
adjacent to the second line L2. The second capping layer
CPL2 may cover a side surface of the light emitting part
EL, the cathode electrode CE, and the first capping layer
CPL1.
[0120] The second capping layer CPL2 may seal the
light emitting elements LD and reduce a risk such as
moisture permeation. The second capping layer CPL2
may physically contact the pixel defining layer PDL in an
areaadjacent to the second line L2. Joule heatingmaybe
formed through the second line L2, and thus layers
adjacent to the second line L2 may be removed. There-
after, thesecondcapping layerCPL2maybe formed, and
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thus theexposedpixel defining layerPDLand the second
capping layer CPL2 may be directly adjacent to each
other in the area adjacent to the second line L2.
[0121] As described above, since the second capping
layer CPL2 may include an inorganic material and the
pixel defining layer PDL may include an inorganic mate-
rial, the inorganicmaterial and the inorganicmaterialmay
be directly adjacent to each other, and thus an inorganic
encapsulation structure may be formed around the light
emitting element LD. The inorganic encapsulation struc-
ture may prevent a moisture permeation issue that may
occur in the light emitting element LD, and thus a lifespan
and an element characteristic of the light emitting ele-
ment LD may be improved.
[0122] The line Lmay bedisposed on the pixel defining
layer PDL. According to an embodiment, the line L may
be directly adjacent to the pixel defining layer PDL. Each
of the first line L1and the second line L2maybedisposed
adjacent to the first to third sub-pixel areas SPXA1 to
SPXA3.
[0123] The line L may be a resistive conductive struc-
ture to form joule heating. According to an embodiment,
whenapulse voltage is supplied to the lineL, heatmaybe
applied to an area adjacent to the line L. The applied heat
may remove at least a portion of layers (for example,
layers includinganorganicmaterial) disposedaround the
line L. According to an embodiment, a magnitude of the
voltage supplied to the line L and a time in case that the
voltage is suppliedmay be adjusted, and thus an amount
by which the layers disposed around the line L may be
removed may be adjusted.
[0124] According to an embodiment, the line L may
include a conductive material having a resistance. The
line L may include a metal material suitable for forming
joule heating. For example, the line L may include a
conductivematerial having an electrical conductivity less
than about 4.0×107 (S/m) (Siemens per meter) at about
20°C. Accordingly, the line L may have a characteristic
suitable for forming joule heating. For example, the line L
may include aluminum (Al), and the line L may include
molybdenum (Mo). According to an embodiment, since a
range in which joule heating may be spread may be
adjusted based on an intensity of the voltage supplied
to the line L and a voltage supply time, even in a case
where a structure of the display device DD (for example,
the sub-pixel SPX) may be miniaturized, the display
device DD with high-resolution display quality may be
provided.
[0125] Since the line Lmay form joule heating during a
manufacturing process of the display device DD, the line
L may expose the pixel defining layer PDL in an area
adjacent to the line L. The cathode electrode CE may be
disposed on the first line L1. The second capping layer
CPL2 may be disposed on the second line L2.
[0126] As described above, since the first line L1 may
form a closed-loop structure, the light emitting part EL
may be disposed in the area surrounded by the first line
L1, and may include an edge portion on an inside of the

first line L1. Since the second line L2 may form a closed-
loop structure, the light emitting element LD may be
disposed in the area surrounded by the second line L2,
and may include an edge portion on an inside of the
second line L2.
[0127] The first line L1 may include a (1‑1)‑th line
portion L1‑1 (also refered as, (1‑1)‑th line) and a
(1‑2)‑th line portion (also refered as, (1‑2)‑th line) L1‑2.
The second line L2 may include a (2‑1)‑th line portion
(also refered as, (2‑1)‑th line) L2‑1 and a (2‑2)‑th line
portion (also refered as, (2‑2)‑th line) L2‑2. The (1‑1)‑th
line portion L1‑1 may be disposed on a first side of the
light emitting part EL and may be disposed between the
(2‑1)‑th line portion L2‑1 and the light emitting part EL.
The (1‑2)‑th line portion L1‑2 may be disposed on a
second side of the light emitting part EL and may be
disposed between the (2‑2)‑th line portion L2‑2 and the
light emitting part EL.
[0128] According to an embodiment (refer to FIG. 3), a
void VOmay be further formed in the area adjacent to the
second line L2. The void VO may be disposed between
the first line L1 and the second line L2. The void VOmay
be directly formed on the pixel defining layer PDL. The
void VOmay be surrounded by a layer formed in a same
process as the cathode electrode CE, the first capping
layer CPL1, and the light emitting part EL. The void VO
may be an air gap.
[0129] The encapsulation layer TFE may be disposed
on the light emitting element LD and the capping layer
CPL. The encapsulation layer TFE may remove a step
formed by the light emitting elements LD. The encapsu-
lation layer TFE may form an outer layer of the light
emitting element layer LEL.
[0130] The encapsulation layer TFE may include a
multilayer structure. For example, the encapsulation
layer TFE may include a first encapsulation layer
TFE1, a second encapsulation layer TFE2, and a third
encapsulation layer TFE3. According to an embodiment,
the first encapsulation layer TFE1 may include an inor-
ganic material, the second encapsulation layer TFE2
may include an organic material, and the third encapsu-
lation layer TFE3 may include an inorganic material.
However, the disclosure is not limited thereto.
[0131] With reference to FIGS. 9 to 25, a method of
manufacturing the display device DD according to an
embodiment is described. A content that may overlap
the above-described content is briefly described or is not
repeated.
[0132] FIG. 9 is a flowchart illustrating a method of
manufacturing a display device according to an embodi-
ment. FIG. 10 is a flowchart illustrating a step of manu-
facturing a light emitting element layer according to an
embodiment. FIG. 11 is a flowchart illustrating a step of
patterning a sub-pixel.
[0133] FIGS. 12 to 25 are schematic cross-sectional
views illustrating each process step of a method of man-
ufacturing a display device according to an embodiment.
For convenience of description, FIGS. 12, 13, 24, and 25
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showaschematic cross-sectional structure (for example,
a partial cross-sectional structureof thedisplayareaDA),
and FIGS. 14 to 23 show a schematic cross-sectional
structure based on the first sub-pixel SPX1 among the
sub-pixels SPX. According to an embodiment, FIGS. 19,
21, and 23 show an embodiment in which the display
device DD described above with reference to FIG. 4
includes the void VO.
[0134] Referring to FIG. 9, a method of manufacturing
a display device according to an embodiment may in-
clude manufacturing a pixel circuit layer (S100) and
manufacturing a light emitting element layer (S200).
[0135] Referring to FIG. 10, manufacturing the light
emitting element layer (S200) may include forming an
anode electrode, a pixel defining layer, and lines (S220),
patterning layers for defining a first sub-pixel (S240),
patterning layers for defining a second sub-pixel
(S260), patterning layers for defining a third sub-pixel
(S280), and forming an encapsulation layer (S290).
[0136] Referring to FIG. 11, patterning the layers for
defining the first sub-pixel (S240) may include forming a
base light emitting part (S2410), removing at least a
portion of a layer adjacent to a first line (S2420), forming
a base cathode electrode and a first base capping layer
(S2430), removing at least a portion of a layer adjacent to
a second line (S2440), forming a second base capping
layer (S2450), and removing at least a portion of layers
disposed outside the second line (S2460).
[0137] Referring to FIGS. 9 and 12, in manufacturing
the pixel circuit layer (S100), layers forming the pixel
circuit layerPCLon thebase layerBSLmaybepatterned.
[0138] In step S100, the pixel circuits PXC, the first
power line PL1, and the second power line PL2 may be
patterned on the base layer BSL, and the via layer VIA
may be formed on the pixel circuits PXC, the first power
line PL1, and the second power line PL2.
[0139] In step S100, the first power line PL1 and the
pixel circuit PXC may be electrically connected, and
according to an embodiment, a contact hole exposing
the second power line PL2 and for forming the contact
member CNP in a subsequent process may be formed.
[0140] According to an embodiment, a conductive
layer or an insulating layer on the base layer BSL may
be formedbasedona typical process formanufacturing a
semiconductordevice.Forexample, theconductive layer
or the insulating layer on the base layer BSL may be
formed by a photolithography process,may be etched by
various methods (wet etching, dry etching, and the like),
and may be deposited by various methods (sputtering,
chemical vapor etching, and the like). The disclosure is
not necessarily limited to a particular example.
[0141] Referring to FIGS. 9, 10, 13, and 14, in forming
theanodeelectrode, thepixel defining layer, and the lines
(S220), the anode electrode AEmay be patterned on the
pixel circuit layer PCL (for example, the base layer BSL
and thevia layerVIA), thepixel defining layerPDLmaybe
patterned adjacent to the anode electrode AE, and the
lines L may be formed on the pixel defining layer PDL.

[0142] In step S220, the first to third anode electrodes
AE1 to AE3 may be patterned in areas corresponding to
the first to third sub-pixel areas SPXA1 to SPXA3 to be
formed. The first to third anode electrodes AE1 to AE3
may be respectively electrically connected to the first to
third pixel circuits PXC1 to PXC3 through the contact
portion CNT passing through the via layer VIA.
[0143] In step S220, the pixel defining layer PDL may
be patterned to overlap an area adjacent to the first to
third sub-pixel areasSPXA1 toSPXA3,maybepatterned
to cover the first to third anode electrodes AE1 to AE3,
and may be patterned to expose at least a portion of the
first to third anode electrodes AE1 to AE3.
[0144] In step S220, the lines L may be patterned on
thepixel defining layerPDL, and thus the first and second
lines L1 and L2 spaced apart from each other may be
provided. For example, the (1‑1)‑th line L1‑1, the (1‑2)‑th
line L1‑2, the (2‑1)‑th line L2‑1, and the (2‑2)‑th line L2‑2
may be formed in an area adjacent to the first sub-pixel
area SPXA1, the (1‑1)‑th line L1‑1, the (1‑2)‑th line L1‑2,
the (2‑1)‑th line L2‑1, and the (2‑2)‑th line L2‑2 may be
formed in an area adjacent to the second sub-pixel area
SPXA2, and the (1‑1)‑th line L1‑1, the (1‑2)‑th line L1‑2,
the (2‑1)‑th line L2‑1, and the (2‑2)‑th line L2‑2 may be
formed in an area adjacent to the third sub-pixel area
SPXA3.
[0145] In stepS220,acontactmemberCNPofwhichat
least a portion passes through the pixel defining layer
PDLmay be formed, and at least a portion of the first line
L1maybeelectrically connected to thesecondpower line
PL2.For example, the (1‑2)‑th line L1‑2adjacent to a side
of each of the sub-pixel areas SPXA may be electrically
connected to the second power line PL2 through the
contact member CNP. However, a portion of the first line
L1 electrically connected to the contact member CNP is
not limited to the (1‑2)‑th line L1‑2, and according to an
embodiment, the contact member CNP may be electri-
cally connected to at least another portion of the first line
L1.
[0146] The first to third light emitting parts EL1 to EL3
according to an embodiment may bemanufactured with-
out using a fine metal mask (FMM). According to an
embodiment, the first to third light emitting parts EL1 to
EL3may be structures included in each of the sub-pixels
SPX for emitting light of different colors, and the first to
third light emittingpartsEL1 toEL3adjacent toeachother
may be required to be spaced apart from each other.
According to anembodiment the first to third light emitting
parts EL1 to EL3 may be provided separately from each
other using joule heating formed by the line L.
[0147] According to an embodiment, after forming the
anode electrode, the pixel defining layer, and the line
(S220), layers for forming the sub-pixels SPX may be
sequentially formed. Hereinafter, for convenience of de-
scription, a process of forming layers for forming the sub-
pixel SPX in an order of the first sub-pixel SPX1, the
second sub-pixel SPX2, and the third sub-pixel SPX3
may be described. However, the disclosure is not limited
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thereto.
[0148] Referring to FIGS. 9 to 11 and 15, in patterning
the layers for defining the first sub-pixel (S240), forming a
base light emitting part (S2410) may be performed.
[0149] In step S2410, a base light emitting part EL1_B
may be formed in the display area DA (refer to FIG. 1).
The base light emitting part EL1_B may be formed with-
out using FMM. For example, the base light emitting part
EL1_Bmay be entirely deposited (i.e., blanket deposited
without being patterned) on the pixel circuit layer PCL.
The base light emitting part EL1_B may cover the ex-
posed anode electrode AE (for example, the first anode
electrode AE1) and may cover the lines L. For example,
the base light emitting part EL1_Bmay cover the first line
L1 and the second line L2. The base light emitting part
EL1_B may cover the pixel defining layer PDL, and the
pixel defining layer PDL may not be exposed.
[0150] Referring to FIGS. 9 to 11 and 16, in patterning
the layers for defining the first sub-pixel (S240), removing
at least a portion of a layer adjacent to the first line
(S2420) may be performed. The layer adjacent to the
first line L1 removed in step S2420may include the base
light emitting part EL1_B (refer to FIG. 15), and after step
S2420 may be performed, the layer adjacent to the first
lineL1may includea remaining light emittingpart EL1_R.
[0151] StepS2420maybeastepof separating the light
emittingpart EL (refer toFIG. 4) for emitting light of a color
from the light emitting part EL for emitting light of another
color. As stepS2420 is performed, the light emitting parts
ELmaybedivided for eachof the sub-pixelsSPX (refer to
FIG. 13), a leakage current may be prevented, and a risk
that light of a color is emitted in a color other than the
intended colormay be prevented. Since the light emitting
parts EL may be divided for each of the sub-pixels SPX
using joule heating, a separating structure may not be
additionally required, and convenience of a manufactur-
ing process may be improved.
[0152] In stepS2420, a first voltagemay be supplied to
the first line L1 (for example, the (1‑1)‑th line L1‑1 and the
(1‑2)‑th line L1‑2), the first line L1may form joule heating.
For example, a pulse input of voltagemay be provided to
the first line L1, and heat energy may be applied to the
area adjacent to the first line L1. A numerical range of the
first voltage and an input method through which the first
voltage may be provided are not limited to specific ex-
amples.
[0153] In step S2420, a portion of the pixel defining
layer PDL adjacent to the first line L1 may be exposed.
For example, due to the heat formed by the first line L1, a
portion of the base light emitting part EL1_B may be
removed, and thus a first openingOP1exposing the pixel
defining layer PDL may be formed.
[0154] Referring to FIG. 2 together, since the first line
L1 may have a closed loop shape surrounding an area,
the first openingOP1may also have a closed loop shape
surrounding an area.
[0155] In stepS2420, at least a portion of the base light
emitting part EL1_B may be removed, and the first light

emitting part EL1 and the remaining light emitting part
EL1_R may be provided (or patterned). For example, a
portion of the base light emitting part EL1_B adjacent to
thefirst lineL1maybe removed,and thefirst light emitting
part EL1 and the remaining light emitting part EL1_R
spaced apart from each other may be formed. Accord-
ingly, the first light emitting part EL1 may be disposed in
theareasurroundedby thefirst lineL1, and the remaining
light emitting part EL1_R may be disposed outside the
first line L1. By performing step S2420, the first light
emitting part EL1 provided separately in an area where
the first sub-pixel area SPXA1 may be to be formed may
be manufactured.
[0156] In case that step S2420 is performed, the sec-
ond line L2 may be covered by the remaining light emit-
ting part EL1_R and may not be exposed.
[0157] Referring to FIGS. 9 to 11 and 17, in patterning
the layers for defining the first sub-pixel (S240), forming
the base cathode electrode and the first base capping
layer (S2430) may be performed.
[0158] In step S2430, a base cathode electrode CE_B
and a first base capping layer CPL1_Bmay be formed in
the display area DA (refer to FIG. 1). For example, the
base cathode electrode CE_B and the first base capping
layer CPL1_B may be entirely deposited.
[0159] In step S2430, the base cathode electrode
CE_B may cover the first line L1 and may be electrically
connected to the first line L1. Thebase cathodeelectrode
CE_B may be in physical contact with the first line L1.
Accordingly, the base cathode electrode CE_B may be
electrically connected to the second power line PL2
through the first line L1 and the contact member CNP.
At least a portion of the base cathode electrode CE_B
may fill the first opening OP1 (see FIG. 16), may contact
the pixel defining layer PDL in an area corresponding to
the first opening OP1, and may cover the first light emit-
ting part EL1and the remaining light emitting part EL1_R.
[0160] In step S2430, the first base capping layer
CPL1_B may cover the base cathode electrode CE_B.
The first base capping layer CPL1_B may passivate the
base cathode electrode CE_B and layers thereunder.
[0161] Referring to FIGS. 9 to 11, 18, and 19, in pat-
terning the layers for defining the first sub-pixel (S240),
removing at least a portion of a layer adjacent to the
second ine (S2440) may be performed. The layer adja-
cent to the second line L2 removed in step S2440 may
include the remaining light emitting part EL1_R, a portion
of the base cathode electrode CE_B (refer to FIG. 17),
and a portion of the first base capping layer CPL1_B
(refer to FIG. 17).
[0162] In step S2440, a second voltage may be sup-
plied to the second line L2 (for example, the (2‑1)‑th line
L2‑1 and the (2‑2)‑th line L2‑2), and the second line L2
may form joule heating. For example, a pulse input of
voltage may be provided to the second line L2, and heat
energymaybe applied to the area adjacent to the second
line L2. A numerical range of the second voltage and an
input method through which the second voltage may be
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provided are not limited to specific examples.
[0163] According to an embodiment, the second vol-
tagemay bedifferent from the first voltage supplied to the
first line L1 described above. For example, as the second
voltage increases, a sizeof the secondopeningOP2may
increase. The size of the second opening OP2 may
correspond to a range in which the inorganic encapsula-
tion structure may be formed. Accordingly, the range in
which the inorganic encapsulation structure may be
formed may be controlled based on a magnitude of the
second voltage.
[0164] In step S2440, a portion of the pixel defining
layer PDL adjacent to the second line L2 may be ex-
posed. For example, due to the heat generated by the
second line L2, a portion of the remaining light emitting
part EL1_R, a portion of the base cathode electrode
CE_B, and a portion of the first base capping layer
CPL1_B may be removed, and thus a second opening
OP2 exposing the pixel defining layer PDL may be
formed. A size of the second opening OP2 may be
determined based on an intensity of the voltage applied
to the second line L2, a time in case that the voltage may
be applied, and the like.
[0165] Referring to FIG. 2 together, since the second
line L2 may have a closed loop shape surrounding an
area, the second opening OP2 may also have a closed
loop shape surrounding a corresponding area.
[0166] In step S2440, at least a portion of the base
cathode electrode CE_B may be removed, and the first
cathode electrode CE1 and a remaining cathode elec-
trode CE_R may be provided. For example, a portion of
the base cathodeelectrodeCE_Badjacent to the second
line L2 may be removed, the first cathode electrode CE1
may be disposed in the area surrounded by the second
line L2, and the remaining cathode electrode CE_R may
be disposed outside the second line L2. By performing
step S2440, the first cathode electrode CE1 for forming
the first sub-pixel SPX1 may be manufactured. As de-
scribed above, since the base cathode electrode CE_B
may be electrically connected to the first line L1, the first
cathode electrode CE1 electrically connected to the sec-
ond power line PL2 through the contact member CNP in
the display area DA may be provided.
[0167] In step S2440, at least a portion of the first base
capping layer CPL1_B may be removed, and the first
capping layer CPL1 and a remaining capping layer
CPL1_R may be provided. For example, a portion of
the first base capping layer CPL1_B adjacent to the
second line L2 may be removed, the first capping layer
CPL1 may be disposed in the area surrounded by the
second line L2, and the remaining capping layerCPL1_R
may be disposed outside the second line L2.
[0168] In step S2440, according to an embodiment
(refer to FIG. 19), the remaining light emitting part
EL1_R may be further etched compared to the base
cathode electrode CE_B and the first base capping layer
CPL1_B, the first light emitting part EL1 may be further
etched compared to the cathode electrode CE and the

first base capping layer CPL1_B, and thus the void VO
may be formed. For example, the remaining light emitting
part EL1_R may be formed to be deeper than the base
cathode electrode CE_B and the first base capping layer
CPL1_B, and the void VO may be formed under the
remaining cathode electrode CE_R and the remaining
capping layer CPL1_R. The first light emitting part EL1
may be formed to be deeper than the cathode electrode
CEand the first base capping layerCPL1_B, and the void
VO may be formed under the cathode electrode CE and
the first capping layer CPL1. Accordingly, the void VO
may overlap the remaining cathode electrode CE_R and
the remaining capping layer CPL1_R in a plan view, and
the void VO may overlap the cathode electrode CE and
the first capping CPL1 in a plan view.
[0169] Referring to FIGS. 9 to 11, 20, and 21, in pat-
terning the layers for defining the first sub-pixel (S240),
forming the second base capping layer (S2450) may be
performed.
[0170] In step S2450, a second base capping layer
CPL2_B may be formed in the display area DA. The
second base capping layer CPL2_B may be entirely
deposited.
[0171] In step S2450, the second base capping layer
CPL2_B may cover the remaining capping layer
CPL1_R, the second line L2, and the first capping layer
CPL1. The second base capping layer CPL2_B may
passivate layers disposed under the second base cap-
ping layer CPL2 B.
[0172] In step S2450, according to an embodiment
(refer toFIG.21), the secondbasecapping layerCPL2_B
may be formed directly adjacent to the void VO. For
example, the second base capping layer CPL2_B may
cover a side of the voidVO.Accordingly, the voidVOmay
be surrounded by one or more layers.
[0173] In step S2450, the second base capping layer
CPL2_B may contact the pixel defining layer PDL in an
areacorresponding to the secondopeningOP2, and thus
an inorganic encapsulation structure may be formed.
[0174] Referring to FIGS. 9 to 11, 22, and 23, in pat-
terning the layers for defining the first sub-pixel (S240),
removing at least a portion of layers disposed outside the
second line (S2460)may be performed, and thus the first
sub-pixel SPX1 may be provided. The layers disposed
outside the second line L2 removed in step S2460 may
include a portion of the remaining light emitting part
EL1_R, a portion of the remaining cathode electrode
CE_R (refer to FIG. 21), and a portion of the remaining
capping layer CPL1_R (refer to FIG. 21).
[0175] In step S2460, an outer area RA that exposes a
portion of the pixel defining layer PDL may be formed
outside the second line L2. For example, layers disposed
outside the second line L2 may be etched, and the first
capping layer CPL1 and the second capping layer CPL2
may passivate layers (for example, the first light emitting
element LD1 (refer to FIG. 21)) disposed under the first
capping layer CPL1. According to an embodiment, the
second capping layer CPL2 may cover an outer surface
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of the second line L2.
[0176] In step S2460, at least a portion of the second
capping layer CPL2 adjacent to the second line L2 may
not be removed. As described above, the second cap-
ping layer CPL2 and the pixel defining layer PDL may
contact each other to form the inorganic encapsulation
structure. In step S2460, a range in which the second
base capping layer CPL2_B (refer to FIG. 21) may be
removed may be adjusted, and thus the inorganic en-
capsulation structure may be maintained.
[0177] In step S2460, among the layers for forming the
first sub-pixel SPX1, a portion formed in the second sub-
pixel area SPXA2 (see FIG. 13) and the third sub-pixel
area SPXA3 (see FIG. 13) may be removed.
[0178] In step S2460, according to an embodiment
(refer to FIG. 23), a portion of the void VO adjacent to
the remaining cathode electrode CE_R and the remain-
ing capping layer CPL1_Rmay be removed, and another
portion of the void VO adjacent to the cathode electrode
CEand the first capping layerCPL1maynot be removed.
[0179] Referring to FIGS. 9, 10, and 24, patterning
layers for defining the second sub-pixel (S260) and pat-
terning layers for defining the third sub-pixel (S280) may
be performed, and the second and third sub-pixels SPX2
and SPX3 may be provided. FIG. 24 also shows the
layers for the first sub-pixel SPX1provided by performing
the stepS240 of patterning the layers for defining the first
sub-pixel.
[0180] According to an embodiment, patterning the
layers for defining the second sub-pixel (S260) may be
performed in amethod similar (for example, substantially
equal) to patterning the layers for defining the first sub-
pixel (S240) described above. For example, a cathode
connection structure for the second sub-pixel SPX2may
be formed using the first line L1, the second light emitting
part EL2may be separated fromother light emitting parts
EL using the first line L1, and an inorganic-inorganic
bonding structure may be formed using the second line
L2.
[0181] According to an embodiment, patterning the
layers for defining the third sub-pixel (S280) may be
performed in amethod similar (for example, substantially
equal) to the method of patterning the layers for defining
the first sub-pixel (S240) described above. For example,
a cathode connection structure for the third sub-pixel
SPX3may be formed using the first line L1, the third light
emitting part EL3 may be separated from other light
emitting parts EL using the first line L1, and an inorgan-
ic-inorganic bonding structure may be formed using the
second line L2.
[0182] Referring to FIGS. 9, 10, and 25, in forming the
encapsulation layer (S290), the encapsulation layer TFE
may be formed to cover the first to third sub-pixel areas
SPXA1 to SPXA3.
[0183] In step S290, the encapsulation layer TFE may
be entirely deposited, may cover the first to third light
emitting elements LD1 to LD3, and may cover the cap-
ping layers CPL.

[0184] According to an embodiment, the first to third
encapsulation layers TFE1 to TFE3 may be sequentially
formed (for example, deposited) to form the encapsula-
tion layer TFE.
[0185] According to an embodiment, the light emitting
element LD may be protected by the pixel defining layer
PDL and the second capping layer CPL2 forming the
inorganic encapsulation structure, and may be further
protected by the encapsulation layer TFE.
[0186] According to an alternative embodiment, an
additional structure (for example, a window or the like)
may be further formed on the encapsulation layer TFE,
and the display device DD (refer FIG. 1)may be provided
according to an embodiment.
[0187] As described above, although the disclosure
has been described with reference to the embodiment
above, those skilled in the art or those having a common
knowledge in the art will understand that the disclosure
may be variously modified and changed without depart-
ing from the claims which will be described later.
[0188] Therefore, the technical scope of the disclosure
should not be limited to the contents described in the
detailed description of the specification, but should be
defined by the claims.
[0189] Embodiments of the invention are set out in the
following clauses.

1. A display device including a sub-pixel area, com-
prising:

a pixel circuit layer including a base layer and a
pixel circuit disposed on the base layer; and
a light emitting element layer disposed on the
pixel circuit layer and including a light emitting
element, a pixel defining layer, a capping layer,
and a line electrically connected to the pixel
circuit, wherein
the light emitting element includes an anode
electrode, a cathode electrode, and a light emit-
ting part,
at least a portion of the light emitting part being
disposed between the anode electrode and the
cathode electrode,
the pixel defining layer covers at least a portion
of the anode electrode,
at least aportionof thecapping layer is in contact
with the pixel defining layer,
the line is disposed on the pixel defining layer
and includesafirst lineandasecond line spaced
apart from each other,
each of the first line and the second line is
disposed in a closed loop,
the first line surrounds the sub-pixel area in a
plan view, the second line surrounds the first line
in a plan view, and
the light emitting part is disposed in an area
surrounded by the first line.
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2. The display device according to clause 1, wherein
the line includes a conductive material having an
electrical conductivity less than about 4.0×107 sie-
mens per meter at about 20°C.

3. The display device according to clause 2, wherein
the line includesaluminum(Al) ormolybdenum(Mo).

4. The display device according to any preceding
clause, wherein

the first line and the second line include a same
material, and
each of the first line and the second line is
disposed on a surface of the pixel defining layer.

5. The display device according to any preceding
clause, wherein

the first line is disposed around the sub-pixel
area,
the second line is disposed around the first line,
the sub-pixel area includes a first sub-pixel area,
a second sub-pixel area, and a third sub-pixel
area, and
the first line includes a first line portion surround-
ing the first sub-pixel area, a second line portion
surrounding the second sub-pixel area, and a
third line portion surrounding the third sub-pixel
area.

6. The display device according to clause 5, wherein

the cathode electrode includes a first cathode
electrode overlapping the first sub-pixel area, a
second cathode electrode overlapping the sec-
ond sub-pixel area, and a third cathode elec-
trode overlapping the third sub-pixel area, and
the first cathode electrode, the second cathode
electrode, and the third cathode electrode are
physically separated from each other.

7. The display device according to any preceding
clause, wherein

the pixel circuit layer includes a first power line
and a second power line having different poten-
tials,
the first power line is electrically connected to
the pixel circuit, and
the second power line is electrically connected
to the cathode electrode through the first line.

8. The display device according to clause 7, further
comprising:

a display area and a non-display area surround-
ing at least a portion of the display area, wherein

the first line is electrically connected to the sec-
ond power line through a contact member at
least partially passing through the pixel defining
layer,
the second power line has a thickness greater
than that of the cathode electrode, and
the contact member is disposed in the display
area.

9. The display device according to any preceding
clause, wherein

the capping layer includes a first capping layer
and a second capping layer disposed on the first
capping layer,
the first capping layer covers the first line and
does not cover the second line, and
the second capping layer covers the second
line.

10. The display device according to clause 9, where-
in

each of the second capping layer and the pixel
defining layer includesan inorganicmaterial and
the second capping layer and the pixel defining
layer contact each other in an area adjacent to
the second line.

11. A display device comprising:

a display area and a non-display area surround-
ing at least a portion of the display area;
a pixel circuit layer including a base layer, a pixel
circuit, a power line disposed on the base layer,
and a via layer covering the power line; and
a light emitting element layer disposed on the
pixel circuit layer and including a light emitting
element, a pixel defining layer, and a line elec-
trically connected to the pixel circuit, wherein
the light emitting element includes an anode
electrode, a cathode electrode, and a light emit-
ting part,
at least a portion of the light emitting part is
disposed between the anode electrode and
the cathode electrode,
the pixel defining layer overlaps the anode elec-
trode in a plan view,
the line is directly disposed on the pixel defining
layer and includes a first line and a second line
spaced apart from each other,
the power line is disposed across the display
area and the non-display area,
the cathode electrode and the power line are
electrically connected in the display area
through a contact member passing through
the via layer, and
the power line has a thickness greater than that
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of the cathode electrode.

12. A method of manufacturing a display device, the
method comprising:

manufacturing a pixel circuit layer; and
manufacturing a light emitting element layer
disposed on the pixel circuit layer, the light emit-
ting layer including a light emitting element,
wherein
the manufacturing of the light emitting element
layer comprises:

forming an anode electrode, a pixel defining
layer, and lines on the pixel circuit layer; and
forming a sub-pixel by patterning a plurality
of layers near the lines,

the lines are disposed on the pixel defining layer
and include a first line and a second line spaced
apart from each other, and the first line is dis-
posed closer to the anode electrode than the
second line, and
the patterning of the plurality of layers near the
lines comprises:

forming a base light emitting part;
removing at least a portion of the base light
emitting part adjacent to the first line by
supplying a first voltage to the first line;
forming a base cathodeelectrode anda first
base capping layer; and
removing at least a portion of the base
cathode electrode, at least a portion of the
first base capping layer, and at least a por-
tion of the base light emitting part adjacent
to the second line by supplying a second
voltage to the second line.

13. The method according to clause 12, wherein

the pixel circuit layer includes:

a pixel circuit,
a first power line electrically connected to
the pixel circuit, and
a second power line having a potential dif-
ferent from that of the first power line, and

the forming of the lines comprises electrically
connecting the first line to the secondpower line.

14. The method according to clause 13, wherein the
forming of the base light emitting part comprises
entirely depositing the base light emitting part on
the pixel circuit layer.

15. Themethod according to any of clauses 12 to 14,

wherein the removing of the at least a portion of the
base light emitting part adjacent to the first line
comprises providing a first light emitting part dis-
posed in an area surrounded by the first line.

16. Themethod according to any of clauses 12 to 15,
wherein the forming of the base cathode electrode
comprises:

electrically connecting the base cathode elec-
trode to the first line; and
causing the base cathode electrode to contact
the pixel defining layer in an area adjacent to the
first line.

17. Themethod according to any of clauses 12 to 16,
wherein

the removing of the at least a portion of the base
light emitting part adjacent to the first line com-
prises forming a first opening exposing at least a
portion of the pixel defining layer, and
the removing of the at least a portion of the base
cathode electrode, the at least a portion of the
first basecapping layer, and theat least aportion
of the base light emitting part adjacent to the
second line comprises forming a second open-
ing exposing at least a portion of the pixel defin-
ing layer.

18. Themethod according to any of clauses 12 to 17,
further comprising:

forming second base capping layer; and
removing at least a portion of the first base
capping layer, at least a portion of the base
cathode electrode, and at least a portion of
the base light emitting part disposed outside
the second line.

19. The method according to clause 18, wherein

thesecondbasecapping layer contacts thepixel
defining layer in an area adjacent to the second
line, and
each of the second base capping layer and the
pixel defining layer includes an inorganic mate-
rial.

20. Themethod according to any of clauses 12 to 19,
further comprising:
entirely depositing an encapsulation layer on the
pixel circuit layer.

Claims

1. Adisplay device including a sub-pixel area, compris-
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ing:

a pixel circuit layer including a base layer and a
pixel circuit disposed on the base layer; and
a light emitting element layer disposed on the
pixel circuit layer and including a light emitting
element, a pixel defining layer, a capping layer,
and a line electrically connected to the pixel
circuit, wherein
the light emitting element includes an anode
electrode, a cathode electrode, and a light emit-
ting part,
at least a portion of the light emitting part being
disposed between the anode electrode and the
cathode electrode,
the pixel defining layer covers at least a portion
of the anode electrode,
at least aportionof thecapping layer is in contact
with the pixel defining layer,
the line is disposed on the pixel defining layer
and includesafirst lineandasecond line spaced
apart from each other,
each of the first line and the second line is
disposed in a closed loop,
the first line surrounds the sub-pixel area in a
plan view, the second line surrounds the first line
in a plan view, and
the light emitting part is disposed in an area
surrounded by the first line.

2. The display device according to claim 1, wherein the
line includes at least one of:

a conductive material having an electrical con-
ductivity less than about 4.0×107 siemens per
meter at about 20°C; and
one or more of aluminum (Al) and molybdenum
(Mo).

3. The display device according to claim 1 or claim 2,
wherein

the first line and the second line include a same
material, and
each of the first line and the second line is
disposed on a surface of the pixel defining layer.

4. Thedisplaydeviceaccording toanyprecedingclaim,
wherein

the first line is disposed around the sub-pixel
area,
the second line is disposed around the first line,
the sub-pixel area includes a first sub-pixel area,
a second sub-pixel area, and a third sub-pixel
area, and
the first line includes a first line portion surround-
ing the first sub-pixel area, a second line portion

surrounding the second sub-pixel area, and a
third line portion surrounding the third sub-pixel
area.

5. The display device according to claim 4, wherein

the cathode electrode includes a first cathode
electrode overlapping the first sub-pixel area, a
second cathode electrode overlapping the sec-
ond sub-pixel area, and a third cathode elec-
trode overlapping the third sub-pixel area, and
the first cathode electrode, the second cathode
electrode, and the third cathode electrode are
physically separated from each other.

6. Thedisplaydeviceaccording toanyprecedingclaim,
wherein

the pixel circuit layer includes a first power line
and a second power line having different poten-
tials,
the first power line is electrically connected to
the pixel circuit, and
the second power line is electrically connected
to the cathode electrode through the first line.

7. The display device according to claim 6, further
comprising:

a display area and a non-display area surround-
ing at least a portion of the display area, wherein
the first line is electrically connected to the sec-
ond power line through a contact member at
least partially passing through the pixel defining
layer,
the second power line has a thickness greater
than that of the cathode electrode, and
the contact member is disposed in the display
area.

8. Thedisplaydeviceaccording toanyprecedingclaim,
wherein

the capping layer includes a first capping layer
and a second capping layer disposed on the first
capping layer,
the first capping layer covers the first line and
does not cover the second line, and
the second capping layer covers the second
line,
optionally, each of the second capping layer and
the pixel defining layer includes an inorganic
material, and
optionally, the second capping layer and the
pixel defining layer contact each other in an area
adjacent to the second line.

9. Thedisplaydeviceaccording toanyprecedingclaim,
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comprising:
a display area and a non-display area surrounding at
least a portion of the display area, wherein:
the pixel circuit layer includes a power line disposed
on the base layer and a via layer covering the power
line, wherein:

the power line is disposed across the display
area and the non-display area,
the cathode electrode and the power line are
electrically connected in the display area
through a contact member passing through
the via layer, and
the power line has a thickness greater than that
of the cathode electrode.

10. A method of manufacturing a display device, the
method comprising:

manufacturing a pixel circuit layer; and
manufacturing a light emitting element layer
disposed on the pixel circuit layer, the light emit-
ting element layer including a light emitting ele-
ment, wherein
the manufacturing of the light emitting element
layer comprises:

forming an anode electrode, a pixel defining
layer, and lines on the pixel circuit layer; and
forming a sub-pixel by patterning a plurality
of layers near the lines,

the lines are disposed on the pixel defining layer
and include a first line and a second line spaced
apart from each other, and the first line is dis-
posed closer to the anode electrode than the
second line, and
the patterning of the plurality of layers near the
lines comprises:

forming a base light emitting part;
removing at least a portion of the base light
emitting part adjacent to the first line by
supplying a first voltage to the first line;
forming a base cathodeelectrode anda first
base capping layer; and
removing at least a portion of the base
cathode electrode, at least a portion of the
first base capping layer, and at least a por-
tion of the base light emitting part adjacent
to the second line by supplying a second
voltage to the second line.

11. The method according to claim 10, wherein

the pixel circuit layer includes:

a pixel circuit,

a first power line electrically connected to
the pixel circuit, and
a second power line having a potential dif-
ferent from that of the first power line, and

the forming of the lines comprises electrically
connecting the first line to the secondpower line,
and
wherein the forming of the base light emitting
part optionally comprises entirely depositing the
base light emitting part on the pixel circuit layer.

12. The method according to claim 10 or claim 11,
wherein the removing of the at least a portion of
the base light emitting part adjacent to the first line
comprises providing a first light emitting part dis-
posed in an area surrounded by the first line.

13. The method according to any of claims 10 to 12,
wherein the forming of the base cathode electrode
comprises:

electrically connecting the base cathode elec-
trode to the first line; and
causing the base cathode electrode to contact
the pixel defining layer in an area adjacent to the
first line.

14. The method according to any of claims 10 to 13,
wherein

the removing of the at least a portion of the base
light emitting part adjacent to the first line com-
prises forming a first opening exposing at least a
portion of the pixel defining layer, and
the removing of the at least a portion of the base
cathode electrode, the at least a portion of the
first basecapping layer, and theat least aportion
of the base light emitting part adjacent to the
second line comprises forming a second open-
ing exposing at least a portion of the pixel defin-
ing layer.

15. The method according to any of claims 10 to 14,
further comprising:

forming second base capping layer; and
removing at least a portion of the first base
capping layer, at least a portion of the base
cathode electrode, and at least a portion of
the base light emitting part disposed outside
the second line,
and wherein optionally:

the second base capping layer contacts the
pixel defining layer in an area adjacent to
the second line, and
each of the second base capping layer and
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the pixel defining layer includes an inorgan-
ic material.

16. The method according to any of claims 10 to 15,
further comprising:
entirely depositing an encapsulation layer on the
pixel circuit layer.
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